Abstract-Aiming at the phenomenon of low lean level of Chinese enterprise and the over lean level of foreign enterprise, it is a significant to build an evaluation tool of the enterprise lean degree to guide the sustainablility of the enterprises' lean improvement. Combined with the current research results of lean, a design scheme of knowledge base system based on lean evaluation model with 5 layers structure is put forward. With the existing model representation method, a method of model knowledge representation are combined with the object-oriented and framework, and which makes the model knowledgeable. An UML technology is used to modelling the cases of the system, and the dynamic process and static class of the system are studied. Finally, a simulation example is given to verify the effectiveness of the system.
INTRODUCTION
The value of lean has been proved by many international enterprises all over the world. It not only improves the production capacity of the enterprises, but also enhance the R&D ability and the sustainable development ability. Review the application and research of lean applications at domestic and abroad, it can be found the lean production system with Japan's Toyota Motor Corporation as the benchmark has been researched and applied for several decades. Enterprises represented by General Motors Corporation in the United States have also benefited from the promotion of lean system. The commonly lean tools have also been standardized and widely used by the Japanese and U.S. enterprises, so that foreign enterprises seem appear over lean. In the face of quickly new technologies and changing external environment, the rapid adaptability of the entire system are not flexible enough. However, the lean level of current domestic enterprises is lower than abroad. A large number of enterprises have not implemented the lean production, and some small or medium enterprises even have no idea about the lean production. Even in the lean enterprises, there are various problems. In the process of continuous changes in the enterprise, many enterprises pay little attention to their leanless or misjudgments. On the whole, the lean of Chinese enterprises is slightly insufficient. At present, there is no universal judgment standard for the lean degree of enterprises at domestic and abroad, and there are few reports on the relevant aspects.
Lean production evaluation is not only for enterprises to redesign certain products or production processes, it is to evaluate the lean degree of different types of enterprises, and then to propose different lean improving method by the evaluation results.
Fudong Yang proposed the concept of enterprise lean capability, and summarized the lean production implementation level in a comprehensive manner with the lean capability index (LCI), and analyzed and studied the composition and calculation of the index [1] . Dongmei Li proposed a lean production management system and a lean production model [2] based on the existing organizational structure, quality management, inventory, process flow, and production line layout of a company. Other scholars have also studied the lean service model [3] and performance, lean construction model [4] , lean production system model of manufacturing enterprise and its optimization model [5] - [6] , lean implementation level prediction model [7] - [8] and so on. ANA Wahab et al. expressed the lean manufacturing concept model from seven major dimensions, such as manufacturing process and equipment problems [9] . AB Pampanelli et al.
proposed a lean green model for production units that integrates environmental sustainability into pure lean thinking [10] . Reference [11] also considers environmental innovation as one of the factors in the sustainable development of lean coordination among enterprises. In order to improve the competitive advantage of the company, Alexandra Tenera et al [12] proposed a Lean Six Sigma (LSS) project management improvement model DMAIC and integrated support for expanding and adapting statistical tools, giving the nature of the main variables of project management and the processes involved. A Wasim et al. proposed a cost modeling system based on lean products and process development to support active decision-making and error elimination during the design phase. The developed system includes six modules: value identification, manufacturing process/machine selection, material selection and so on. The study also involved the development of feature-based spot welding process cost estimation methods, and finally verified the effectiveness of the developed system through industrial case studies [13] . In order to help managers determine the best green lean supply chain management practice setting, H Carvalho et al. proposed a mathematical model based on the concept of eco-efficiency to balance the lean and green indicators of the company. Taking the automotive supply chain case as the research object, it is found that under certain constraints, the reciprocal compromise between lean and green indicators can achieve satisfactory results [14] .
Existing research shows the most scholars describe the necessary task sequence and implementation process of lean production. In the aspect of modeling, the integration of knowledge in the organization and the relationship between model and knowledge are rarely considered. Studies shown in lean enterprise, a large amount of knowledge flows were generated [15] . Therefore, it is necessary to analyze knowledge description, knowledge flow, knowledge representation and knowledge modeling. This paper attempts to adopt knowledge engineering, and proposes a knowledge representation method for lean evaluation models and a UML-based knowledge base system modeling method, which can obtain knowledge and information with high efficiency and large capacity, form modular firmware and tools for the company's lean knowledge, and apply knowledge-based models to the company's functional departments such as manpower, finance, sales and production, logistics, procurement, corporate culture, and related production processes. A rapid lean evaluation is conducted to guide the lean process of the enterprises, and to achieve lean and sustainable goals.
II. FRAMEWORK DESIGN OF KNOWLEDGE BASE SYSTEM BASED ON LEAN EVALUATION MODEL
A. Framework design of knowledge base system Fig.1is the frame of the knowledge base system, mainly composed by user layer, application layer, service layer, knowledge layer and basic level. Model knowledge base can not only evaluate the lean degree of enterprises, but also can interact with other systems and integrate into other platforms. • Base layer. The basic layer provides various basic environment, conditions and technical support for the implementation of the model base system. At the same time, it also includes a "technology-management" system model, including two aspects of the technical system and the management system, which affect each other and have an important impact on the lean process of the enterprise.
• Knowledge layer. The knowledge layer contains all kinds of knowledge in the process of lean improvement, including model knowledge, formula knowledge, chart knowledge, program knowledge, case knowledge, etc. Which are stored in the knowledge base to wait for call. At the same time, knowledge base's management includes knowledge flow research, knowledge addition, modification, deletion and other operation management.
• Service layer. The service layer is mainly oriented to four types of users (enterprise users, knowledge administrators, improvement personnel, lean experts) of the lean evaluation model knowledge base system, which provide them with various core services and functions, including lean evaluation, lean improvement, lean balance, lean promotion, lean management, overall lean, lean culture, lean influence factors, knowledge management and other services.
• Model layer. The model level mainly includes all lean evaluation models related to lean evaluation process, including general evaluation model and special evaluation model. The specific evaluation model is oriented to specific manufacturing applications or specific enterprises to personalize the specific field or company specific evaluation model to meet the needs of different customers.
• User layer. It provides a convenient user interaction environment for users (enterprise users, knowledge administrators, improvement personnel, system maintainers, etc.) of the model base system.
B. Classification and knowledge representation of lean evaluation models
• The classification of lean evaluation model. The evaluation model in knowledge base can be grouped according to a certain subordinate or inclusion relation in the horizontal relationship, which is called the class attribute of the model. In the longitudinal relationship, the subclass of the model can be divided according to the subordinate of the model. In the subclass model, the new and more subclasses can be divided according to the different attributes, which is called the hierarchical attribute of the model. To classify the existing lean evaluation models in the knowledge base system, we can get the model tree structure, as shown in Fig. 2 . Which is an open tree, and can add corresponding models or model classes to different nodes according to the requirements [16] . Among them, the special evaluation model is specially formulated for the specific field industry or a specific company, and the general evaluation model is the existing model in the previous knowledge base, and it is used to evaluate the lean degree of the enterprise. The knowledge representation method of lean evaluation model. As shown in Fig. 3 , the model also contains information, attributes, interfaces, algorithms, etc. The operations of these tables can store data related to attributes, algorithms, interfaces, and other related data in the model database, and represent the models and their properties, interfaces, data, and so on in the form of the framework [17] . Lean evaluation model is based on the flow and summary of enterprise lean knowledge, and establishes a knowledge based evaluation model of enterprise lean degree. The model uses framework representation and object-oriented knowledge representation method to facilitate the combination of model framework and knowledge framework, while lean knowledge can be permeated into the model framework. The framework includes basic information, data, objectives, constraints, methods and parameters of objects. For example, table 1 is a frame description of lean performance evaluation knowledge model for auto parts manufacturing. In order to ensure that the company is running well, we must consider the performance of the company from all aspects and ensure that the company's performance should be maintained within a reasonable range.
Among them, the slot value is used to express the value of the specific index of the model, which can be a numerical, also a relational, or a fuzzy type. For example, the rework a1 can be a specific numerical type 25.8%, and the customer satisfaction a2 can make the fuzzy data {very satisfactory, quite satisfactory, satisfactory, little satisfactory, unsatisfactory}. The parameter represents the parameter that the model needs to involve; the path refers to the reading and writing path of the model so that the model can be invoked accurately; the algorithm refers to the calculation method that matches the model. The information representation provides the basic information of the model, and the user can better understand the use path of the model and speed up the process of lean evaluation. This framework model construction method brings great convenience for building models and building knowledge base system.
III. UML MODELING OF KNOWLEDGE BASE SYSTEM BASED ON LEAN EVALUATION MODEL

A. System analysis process
System activity diagram describes all the business operation of lean evaluation model knowledge base system, as shown in Fig. 4 . The users describe the problems of enterprises, and we need to evaluate the lean degree of enterprises. The judgement of enterprise type(chemical industry, machinery, electronics, etc.) is the important reference basis for determining the proportion of enterprises' lean degree. Then the enterprise is decomposed and refined into various departments, organizations, groups, production lines and production units according to certain classification principles. And then the evaluation model in the knowledge base is selected to evaluate the lean degree of these refined departments, organizations, groups, production lines and so on, and the evaluation factors are determined. It calculates the lean degree of each department, organization and production line after refinement, and determines the weight of the post evaluation value according to the actual production data and current situation of the enterprise, including the type of the enterprise, and finally obtains the final evaluation result of the lean degree of the enterprise. According to this evaluation result, we can not only see what stage of lean in the current enterprise (such as just starting, certain foundation, lean mature), and the knowledge base system will also combine expert experience to give lean improvement suggestions in line with the current lean degree of the enterprise. The lean evaluation process also includes the process of lean sustainable improvement, such as model selection, model reconstruction, process improvement, model simulation and evaluation, model revision and so on. 
B. System case modeling
Object oriented modeling language UML supports the whole process of software development from requirement analysis to system implementation. It is an object oriented visual standard modeling language [18] . And its complete and rich graphics and symbols can clearly and succinctly express the relationship between objects and objects in the system, and can described the system in multiple dimensional.
Through analyzing the functions of the system, the participants of the system include enterprise users, knowledge administrators, improvement personnel and system maintainers. The enterprise users is an important part of the lean evaluation system, who can evaluate the function of the system and evaluate the service of the enterprise. Knowledge administrators has the function of entering case knowledge, rule knowledge and model knowledge. And who studies and maintains the knowledge model, knowledge flow, knowledge base and model base, and gives lean improvement suggestions through knowledge reasoning. The improvement personnel are the lean personnel, and can put forward the suggestions of lean improvement, lean balance, lean promotion, overall lean, building the lean culture, and the knowledge based reasoning with the knowledge manager. System maintainers are responsible for maintaining system's daily operation, permission management, updating data structure and eliminating system redundancy. The system case diagram is shown in Fig. 5 . 
C. UML modeling of knowledge base system
In the modeling process of the lean evaluation model knowledge base system, the dynamic behavior of the system is expressed by the sequence diagram describing the temporal relation of the object.
From Fig. 6 , we can see the lean evaluation model knowledge base system starts from the problem description of the enterprise users, and determines the type of the enterprise in the operating interface of the system, decomposes the enterprise, and calls the model within the system to evaluate the parts of the enterprise through the system operation panel. After a series of decomposition and evaluation and weight establishment, we can finally decide where stage the enterprise's lean degree is. At the same time, knowledge base and case base are put forward the enterprises' lean improvement suggestion according to the evaluation results. When the model in the knowledge base can't meet the needs of the system/user, the system uses knowledge and rule reasoning to reconstruct the knowledge model until the model is built and found. At the same time, the users will evaluate the model. If they are not satisfied, the model can be modified, and then the model will be stored in the model case. Then, with the help of case knowledge, the user can recommend or customize the evaluation factor and weight according to the system, and finally determine the lean degree of the enterprise, and realize the lean sustainability of the enterprise. Fig. 7 is a class diagram of the class of knowledge table, model class, and so on. We can see the relationship between these classes. The knowledge table is associated with the model code of the model by "knowledge table category code". The function of model management, such as "model search" and "model building", depends on the models' "model state", "model interface", "model constructed function". In the process of system static modeling, the system includes information of model, knowledge The lean model evaluation knowledge base system uses the B/S, through PC or mobile browser to access the server, and uses Java as a programming tool to develop a prototype system. As shown in Fig. 8 , Based on the indicators related to lean production of a certain enterprise, there are 14 aspects such as miner rate, turnover rate, accident rate, salary and welfare, annual lean staff ratio and noise level. Each evaluation indicator has a corresponding full score and post-evaluation score, as well as a corresponding customer review score (not included in this example). In the sub-evaluation indicators, G stands for Green, indicating a score of 85% or more; Y for Yellow, indicating a score of 75% to 85%; R for Red, indicating a score below 75%; NR means no result. In the evaluation result, Pass in the evaluation result is passed, and Fail is not passed. The company's lean production process was evaluated, some indicates from the modeling evaluation, and some indicates provided by experts, and ultimately the company's entire lean degree is 94%, it is clear the company's over-pursued in the production of continuous economic benefits, ignoring the staff's career planning and development and knowledge Staff training. In response to this phenomenon of the company, three suggestions were proposed to improve employee career planning, strengthen employee knowledge training, and strengthen lean knowledge flow research to improve the leanless of the company's production process. The employee's career planning is not perfect, and the organization and management of employee career planning should be strengthened, a more reasonable development channel should be formulated, and the conflicts between company's interests and employee development should be balanced. 2. The ratio of knowledgeable employees needs to be further improved, and the knowledge and training of employees should be strengthened. 3. The management of lean knowledge can also be further strengthened. It is necessary to further study the flow of knowledge in the whole life cycle. The tacit knowledge is manifested, visualized and standardized.
Lean knowledge management This paper research the function and structure of the lean evaluation model knowledge base system, established 5 layer architecture of the knowledge base system, classified the lean evaluation model of the enterprise, and proposed a lean evaluation model knowledge representation combined with object-oriented and framework representation methods. UML modeling technology was used to establish a complete set of lean evaluation model knowledge base system, and the relationship between cases in the knowledge base system were studied in detail. The dynamic sequence diagram is used to represent the evaluation process in the knowledge base system, and the static model and the relationship between them are studied. Finally, a simulation example was used to verify the effectiveness of the system. The application of the system can promote the recognition of the lean degree of the enterprise, and it also can promote the communication and exchange among the enterprise personnel, knowledge management personnel, lean experts, etc., optimize the lean transformation process of the enterprise, and provide an effective reference tool for the enterprise lean sustainability.
